Recently, Padmanabhan has discussed that the expansion of the cosmic space is due to the difference between the number of degrees of freedom on the boundary surface and the number of degrees of freedom in a bulk region. Now, a natural question arises that how these degrees of freedom are emerged from nothing? We try to address this issue in a new theory which is more complete than M-theory and reduces to it with some limitations. In M-theory, there isn't any stable object like stable M3-branes that our universe is formed on it and for this reason can't help us to explain cosmological events. In this research, we propose a new theory, named G -theory which could be the mother of M-theory and superstring theory. In G-theory, at the beginning, two types of G0-branes, one with positive energy and one with negative energy are produced from nothing in fourteen dimensions. Then, these branes are compactified on three circles via two different ways (symmetrically and anti-symmetrically), and two bosonic and fermionic parts of action for M0-branes are produced. By joining M0-branes, supersymmetric Mp-branes are created which contain the equal number of degrees of freedom for fermions and bosons. Our universe is constructed on one of Mp-branes and other Mp-brane and extra energy play the role of bulk. By dissolving extra energy which is produced by compacting actions of Gp-branes, into our universe, the number of degrees of freedom on it and also it's scale factor increase and universe expands. We test G-theory with observations and find that the the magnitude of the slow-roll parameters and the tensor-to-scalar ratio in this model are very smaller than one which are in agreement with predictions of experimental data. Finally, we consider the origin of the extended theories of gravity in G-theory and show that these theories could be anomaly free.
There are various types of string theory like type IIA, type IIB, type I, heterotic (SO (32) ) and E 8 × E 8 that each of them could explain some parts of phenomenological events in cosmology, particle physics and other fields of physics [8] [9] [10] . These theories discuss about ten dimensional space-time, however the maximum dimension permitted by supersymmetry of the elementary particles is eleven. In 1987, it has been discussed that the Type IIA string may be the limiting case of the eleven-dimensional supermem-brane [11] and in 1994, it was argued that the spectrum of states that are produced by compactifying the membrane theory from eleven dimensions to four are similar to those that obtained by compactifying the Type IIA string from ten dimensions to four [12, 13] . In 1995, Edward Witten has proposed a new theory, named M-theory whose low energy effective field theory description is 11-dimensional supergravity [14] . This theory can be reduced to various string theories by compactification and then by various string dualities. However, the algebra that should be applied for M2-branes was unclear. Less than ten years ago, some authors suggested a formalism for M2-branes and showed that for defining the action with N = 8 supersymmetry (which is an accepted supersymmetry in eleven dimensions), the Lie-3-algebra is needed [15] [16] [17] [18] [19] . They introduced two form gauge fields, spinors and scalars in M-theory by using this algebra and obtained the relations between them. Now, the question arises that how M-theory construct Padmanabhan model and explain evolution of degrees of freedom on the surface of universe and in a bulk? To answer this question, it has been shown that before universe birth, there exist some M0-branes which are zero dimensional objects and only scalar fields are attached to them without presence of any gauge field and fermions [20] [21] [22] [23] [24] . Then, the M 0-branes glue and build a system of M 1 and anti-M 1-branes connected by a wormhole which named M 1-BIon [20] [21] [22] . When the M0-branes link to each other symmetrically, gauge fields are created and by joining M 0-branes anti-symmetrically, such as the upper and lower of M 1-branes became different, fermions are created [21] . Finally, these M 1-BIons join to each other and construct M 3-BIons, which consists of a configuration of an M 3, an anti-M 3-brane connected by a wormhole [20] [21] [22] . Our universe is formed on one of these M3-branes and by growing them, expands [20] [21] [22] [23] [24] . In this model, the number of degrees of freedom on the surface of universe depends on the energy of M3-brane and the number of degrees of freedom in a bulk is related to the energy of wormhole and another M3-brane. By dissolving wormhole in our M3-brane, the number of degrees of freedom on the universe surface increases and universe expands. However, this model is not in good agreement with M-theory. Because, in this theory, only M2 and M5 are stable objects and M3-brane may be produced for a short time. On the other hand, we can't construct our four dimensional universe on M2 and M5 branes which are three and six dimensional objects and their properties are different from observed properties of universe. Also, some important questions remain without any response in M-theory. For example, what is the origin of creation of different fields like bosonic and fermionic fields in eleven dimensional space-time? To reply to these questions, we have to assume for the existence of extra dimensions in additional to eleven. We have examined different numbers of dimensions and find that if world has fourteen dimensions which three of them be compactified on three circles, supersymmetry emerges without adding any thing by hand. In this theory that we name it G-theory, at the beginning, there isn't any fermion or gauge field and there are only scalars that construct initial G0-branes. If G0-branes are compactified on a circle symmetrically, bosons are produced and by compactifying non-symmetrically, fermions are created. Also, by joining G0-branes and formation of higher dimensional G-branes, different types of gauge fields are born. Finally, by compactifying G-theory on three circles via two ways, one symmetrically and one anti-symmetrically, M-theory and it's related supersymmetry is created. After creation of Mp-branes, our universe is produced on one of them and interact with extra energy and another branes. In these conditions, the energy of this Mp-brane leads to the emergence of degrees of freedom on the universe and the energy of other Mp-brane and extra energy produce degrees of freedom in a bulk. Extra energy dissolves into our universe and leads to an increase in number of degrees of freedom on it and expansion. In fact, this extra energy leads to the inequality between degrees of freedom on the surface and in a bulk and thus, the Padmanabhan mechanism is in good agreement with G-theory. The outline of the paper is as follows. In section II, we will construct G-theory in fourteen dimensions and produce the fermionic fields. In section III, we will show that by compactification of G-theory on three circles, supersymmetric M-theory is emerged. In section V, we will consider the emergence of degrees of freedom on the universe and in a bulk in G-theory and show that the Padmanabhan idea is in good agreement with G-theory. In section V, we will examine the model against observations. In section VII, we will show that extended theories of gravity in G-theory could be anomaly free. The last section is devoted to a summary and conclusion. The last section is devoted to a summary and conclusion.
The units used throughout the paper are: = c = 8πG = 1.
II. THE EMERGENCE OF FERMIONIC AND BOSONIC DEGREES OF FREEDOM AND SUPERSYMMETRY IN G-THEORY
Before discussing Padmanabhan mechanism in G-theory, we have to consider the process of the appearance of supersymmetry which has the main role in evolution of degrees of freedom on the universe surface and in a bulk. In G-theory, we assume that at first, there are only G0-branes in fourteen dimensions which only scalars are attached to them without any gauge, bosons and fermionic fields. Second, by joining G0-branes, G1-branes are emerged and one form of gauge fields are produced. Third, by joining G1-branes, G2-branes are emerged and two form gauge fields are created. Forth, by joining G2-branes, G3-branes are produced and three form gauge bosons are born. Fifth, by joining G3-branes, G4-branes are born and four form gauge fields are created. Sixth, by joining G4-branes, G5-branes are emerged and five form gauge fields are produced. Seventh, these branes join to each other and construct G6-branes which six form gauge fields live on them. In this theory, two form gauge fields play the role of graviton and four form fields play the role of curvature. Also, by compacting G-branes on circles via two different ways (symmetrically and anti-symmetrically), their symmetry is broken and both groups of fermions and bosons emerge.
Previously, using Lie-three algebra, the action of M0-brane in M-theory has been given by [15] [16] [17] [18] [20] [21] [22] [23] [24] :
where
where X M (i=1,3,...10) are transverse scalars to M0-brane andT γ is the generator of Lie-three algebra. By compacting M-theory on eleven dimension, this action transits to the action of D0-brane [25, 26, [28] [29] [30] [31] :
Here T D0 is the brane tension and X m are transverse scalars. Now, we introduce the Born-Infeld action for G0-brane by replacing three dimensional Nambu-Poisson bracket [15] [16] [17] [18] for Mp-branes by Six one in action and using the Li-6-algebra [19] :
where X M (i=0,3,...13) are transverse scalars to G0-brane and T α is the generator of group. This action is similar to the action of M0-branes in 11 dimensions and the action of D0-branes in 10 dimensions. By compactifying G-theory on four circles of radius R, this action will be made a transition into two dimensional action for D0-brane. To show this, we use of the method in [18] and define < X 10 >=< X 11 >=< X 12 >=< X 13 >= R l 3/2 p where l p is the Planck length. We have:
where T G0/D0 is tension of brane and V Extra,1 is the extra energy which becomes free during compactification. We define T D0 = 6T G0 (
where g s and l s are the string coupling and string length respectively. Thus, the actions in string theory and G-theory are completely related and all results in string theory can be generalized to G-theory.
Similar to Dp-branes, different Gp-branes can be built from G0-brane by using the following rules [15] [16] [17] [18] :
and A bca b c is 5-form guage field, A ca b c is 4-form guage field, A a b c is 3-form guage field, A a b is 2-form guage field and A a is one-form guage field.
To obtain total action of a p-dimensional system, we should sum over actions of all G0-branes and use of following action:
Replacing commutation relations by derivatives and fields of equations (7) in action (43), we can obtain the relevant action for Gp-brane
Until now, we have obtained the general action of Gp-branes from G0-branes. This action is not complete, because we have ignored the role of fermionic fields in it. In fact, according to supersymmetric law, we should have the same number of degrees of freedom for bosons and gauge fields. To produce suppersymmetry, G0-branes is compactified on a circle with two different ways, in one way, strings are compactified completely and bosons are created again and in another manner, strings are compactified non-completely and fermions are emerged. In fact, by breaking the symmetry, scalar strings decay to fermionic strings. To show this, we define X → ψ U ψ L where ψ U/L dentoes the fermionic strings that are compactified on upper and lower parts of a circle. Also, we use < X G=13 >=
G to obtain the same cofficients for both types of fields. We have:
It is clear that by compacting strings in two different ways (symmetrically and anti-symmetrically), two different actions are emerged and two different fields are produced. Also, the cofficients of two actions are the same and N=13 supersymmetry is created. In this type of supersymmetry, we have 13 bosons and 13 fermions which are originated from two different types of compacting 14 initial bosons.
III. THE REDUCTION OF G-THEORY TO M-THEORY
In this section, we show that by compacting G-theory on three circles and via two different ways (symmetrically and anti-symmetrically), supersymmetry is produced which contains the same number of degrees of freedom for both fermions and bosons. To obtain supersymmetry in eleven dimensions, we should use of the mechanism in previous section three times and compactify G-branes on three other cirles. To do this, we use < X G=13 >=
for fermions in action (15) to obtain the same cofficients for both types of fields:
where we have used of this fact that
). This equation shows that by compacting G-model on three circles, the N=8 supersymmetric M-theory is emerged which includes the equal number of bosons and fermions. Now, we can show that by joining branes, superpartners are created and Dirac equation can be obtained. To this end, we use of following laws [15] [16] [17] [18] :
and A ab is 2-form gauge field. Replacing commutation relations by derivatives and fields of equations (17) in action (16), we can obtain the relevant action for Mp-brane
Until now, we have choosen three spacial dimensions (for exmaple, i= 11,12 and 13) and did compactification in that directions. However, we can remove this limitation and assume that compactifications may occur in different directions (i=p+1,...13) which are perpendicular to branes. By replacing ψ U,11 ψ U,12 ψ U,13 → Ψ i and choosing Σ i (X i ) 2 → 1, we can obtain following action:
where we have defined:
This action is a generalization of following action with substituting β 2 = 1 and β n = 0.
This action is in very good agreement with usual action for Mp-branes [15] [16] [17] [18] [19] . In additional, first and third terms and also second and four terms are the same which means that there are very good connections between fermions and bosons in this system. In fact, each scalar string X i has a superpartner Ψ †U,i and each two form bosonic vector A ab has a fermionic superpartner χ U ab . Thus, numbers of degrees of freedom of bosons are equal to fermions and supersymmetry emerges. For example, for M2-brane, indices of scalars and fermions change from 1 to 8 and we will have N=8 supersymmetry as it is predicted by recent papers in [15] [16] [17] [18] [19] . The evolutions of both groups of fermions and bosons have the main role in the emergence of inequality between the number of degrees of freedom on the universe surface and in the bulk and according to the Padmanabhan idea, this inequality leads to expansion of universe.
IV. EMERGENCE OF DEGREES OF FREEDOM AND APPLICATION OF PADMANABHAN MECHANISM IN G-THEORY
In this section, we show that all dimensions and degrees of freedom can be produced directly from the potential of scalar strings in G-theory. We assume that at the beginning, two scalar and anti-scalar strings are produced from nothing such as the energy of the scalar string has positive sign like the sign of repulsive potential and the energy of the anti-scalar string has the negative sign like the sign of attractive potential. We have:
where X 14 = X 14 β T β . These strings are placed on 14th dimension, however they are excited and produce some degrees of freedom in other 13 dimensions of G-theory. To show this, we rewrite above equations as the follows:
where we have used of this fact that ε i1i2...ip ε i1i2...ip = 1 and p=13 for 14 dimensional brane in G-model. These new energies are related to new objects in G-theory which are produced by exciting strings. We can show that these are actions of Gp-branes by using following relations between derivatives and brackets [15] [16] [17] [18] [19] [25] [26] [27] [28] [29] :
where X in = X β in T β . Using the relations in equation (25) in equation (24), we obtain:
This equation shows that excitations of each scalar string in dimension 14 produce various degrees of freedom and new motions of the string and the emergence of other 13 dimensions. These new actions are similar to actions of zero dimensional branes in fourteen dimensions. We can name these new objects as G0-branes. Until now, all dimensions are the same and there isn't any difference between time and space. Now, by compacting dimensions, we break the symmetry and produce the real space time. To achieve this, we apply the mechanism in [18] and define X in=1,3,5,7,9,11,13,14 = R l 3/2 p where l p is the Planck length. We get:
where we have used ε 1i2...1314 ε 1i 2 ...1314 = −ε j1...j (p−1)/2 ε j 1 ...j (p−1)/2 , X j1 = t and i 2 = −1. We can regard the probability for changing the place of strings (X a ) in this action and rewrite it as follows:
where we have used
) and X 0 = it 1 . This equation shows that by compacting some dimensions, the symmetry is broken and one of dimensions can act different from other dimensions which we name it as time. Also, the Lie-6-algebra can be obtained exactly by breaking the symmetry and coincidence with the birth of time for p=13. For another brane, we obtain:
where we have assumed iX j1 = it 1 , iX j2 = it 2 . After regarding the probability for changing the place of strings in this action, we can rewrite it as follows:
) and X 0 = it 1 , X 1 = it 2 . It is clear from above energy that by breaking the symmetry for second brane, two different times are created. In fact, the excitation of an initial string with negative energy causes to production at least two times in action of second G0-brane which makes it's properties different from first G0-brane. This may lead to production of two universes with two physical properties. Now, we can use of the method in previous sections and compactify G0-branes on three circles and obtain the energy of Mp-branes, anti-Mp-branes and extra energy. Also, number of degrees of freedom on the universe depends on the energy of Mp-brane and number of degrees of freedom in the bulk is related to the energy of anti-Mp-brane and extra energy. Using (7), (14) , (16) and (22), we obtain:
These equation shows that numbers of degrees of freedom on the brane and in the bulk depend on evolutions of scalar, fermions and gauge strings in G-theory. In fact, the interaction of branes causes to evolutions of these fields and change in number of degrees of freedom. For simplicity, we assume
and A µν ≈ l 2 which l 1 and l 2 are the separation distance between two branes and the length of branes respectively and only depend on time. Using equations (31) and (32), we obtain total energy of system in M-theory:
We can obtain the wave equation for the above energy:
The approximate solutions of above equations are:
where t s is time of collision of two branes. It is clear that by passing time, the length of branes (l 2 ) increases and the separation distance between branes (l 1 ) decreases and shrinks to zero at colliding time (t = t s ). This is because that at t = 0, there is nothing. Then, two strings with negative and positive energies are produced. These objects interact with each other, excited and produce extra degrees of freedom in another dimensions. Coincidence with the emergence of degrees of freedom, Gp-branes are produced which are reduced to Mp-branes by compactification and some extra energies are created. By dissolving extra energy in Mp-branes, the length of these branes grows and tends to infinity at the point of colliding of branes. Now, by substituting equation (36) in equation (31) we can calculate number of degrees of freedom on the surface:
where H is the Hubble Parameter, a is the scale factor of universe and r H is the event horizon of universe. This equation shows that coincidence with the birth of Mp-branes from compactifying Gp-branes, universe is produced, grows and achieve to the present size. In fact, the scale factor of universe depends on the parameters of G-model and M-theory and evolves from nothing to expansion phase in four stages: In first stage, two one dimensional objects like two strings are created in 14th dimension. Second, these strings are excited in other 13 dimensions and construct Gp-branes that their dimensions can change from zero to fourteen. Third, these Gp-branes are compactified on three circles and Mp-branes are created. Fourth, universe is born on one of Mp-branes and expands as due to inequality between number of degrees of freedom on the universe surface and in the bulk in Padmanabhan model.
V. TESTING THE MODEL WITH OBSERVATIONS
Recent experiments [32] predict that the magnitude of the slow-roll parameters and the tensor-to-scalar ratio should be very smaller than one. In this section, we will show that G-theory gives the correct values for cosmological parameters during inflation era. Using definitions of [35] and equation (38), we can obtain the slow-roll parameters and the tensor-to-scalar ratio and compare with previous predictions:
It is clear that during inflation era, the age of universe (t) is very smaller respect to time of collision between branes (t s ) and consequently, ((t s − t) −m 1) which m is an integer number. Using equation (40), we can obtain the following results:
These results show that the magnitude of the slow-roll parameters and the tensor-to-scalar ratio are very smaller than one which is in agreement with predictions of experiments in ref. [32] [33] [34] . Thus, G-theory produces the correct values for cosmological parameters and can explain the phenomenological events.
VI. EXTENDED THEORIES OF GRAVITY WITHOUT ANOMALY IN G-THEORY
Previously, some effective Dark energy models have been proposed that were in very good agreement with observations [36, 37] . In this section, we consider the origin of these models in G-theory and show that they may be anomaly-free. To this end, we will begin with eleven dimensional manifold in Horava-Witten mechanism and add one three dimensional manifold related to Lie-three-algebra. We will assert that some CGG terms are produced on this new 14-dimensional manifold that cancel the anomalies in eleven-dimensional supergravity and produce the extended theories of gravity.
First, we introduce the Horava-Witten mechanism in eleven dimensional space-time. In this model, the bosonic part of the action in 11-dimensional supergravity is given by [38, 39] :
where, G IJKL and C I1I2I3 have a direct relation with the gauge field A, field strength F and the curvature (R) [39] :
Here, ε(x 11 ) is 1 for x 11 > 0 and 1 for x 11 < 0 and also δ(x 11 ) = ∂ε ∂x 11 . The gauge variation of the CGG-action, yields the following equation [39] :
Thus, to obtain the anomaly-free supergravity in eleven dimensions, we have to use of CGG terms. Now, we answer this issue that what is the origin of CGG terms in 11-dimensional supergravity. In fact, we propose a theory that CGG terms are appeared in the action of supergravity without adding any by hand. To this end, we choose a unified shape for all fields by using Nambu-Poisson brackets and properties of string fields (X). We define [17, 40] :
where φ is the scalar field, A is the gauge field and Γ has the relation with the curvature (R). Using four-dimensional brackets instead of two-dimensional one, we can obtain the shape of GG-terms in supergravity in terms of scalar strings (X):
Above equation help us to extract the CGG terms from GG-terms in supergravity. To this end, we will add a three dimensional manifold related to Lie-three-algebra to the eleven dimensional supergravity by using the properties of scalar strings (X) in Nambu-Poisson brackets [40] :
By adding three dimensional manifold of equation (47) to the eleven dimensional manifold of equation (46), we get:
This equation has three interesting results : 1. CGG terms may be appeared in the action of supergravity by adding a three dimensional manifold, related to Lie-three-algebra to eleven dimensinal supergravity. 2. 11-dimensional manifol + three-Lie-algebra=14-dimensional supergravity. 3. The shape of C-terms is now clear in terms of string fields (X i ).
To examine the correctness of theory we should re-obtain the gauge variation of the CGG-action in equation (43) 
Using above equation and equation (46) we can calculate the gauge variation of the CGG action in equation of (48): 
In above equation, the first part of results cancel the anomaly in equation (43), however the second part produces the action in extended theories of gravity. In fact, we can rewrite the second part of above results in following form: 
This is a version of the action in extended theories of gravity [36, 37] which is obtained from G-theory. Thus, Gtheory not only help us to remove anomalies in ten and eleven -dimensional supergravity but also yields the predicted forms of the action in Dark energy models.
VII. SUMMARY AND CONCLUSION
In this research, we have investigated the origin of Padmanabhan mechanism in G-theory which is more complete respect to M-theory and reduces to it in some limitations. Until now, M-theory was known as the mother of different types of string theory. This theory is an extended version of superstring theory in eleven dimensions that by compactification can be reduced to type IIA and E 8 × E 8 heterotic string theory. Then these theories can be transited to other string theories by various string dualities. M-theory has some limitations e.q., some needed objects like M3-branes which our universe may be placed on it, are unstable. Also, the reason for emergence only M2 and M5 branes and the supersymmetry is not clear. For this reason, we have to construct one bigger theory which contains more stable objects without limitation of M-theory. We introduce G-theory as a new model which other theories like M-theory and superstring theory are originated from it. In this model, first, two types of scalar strings, one with positive energy and one with negative energy are produced and construct new object, named G0-branes in fourteen dimensions. Then, by compacting these branes on three circles via two different ways (symmetrically and anti-symmetrically), two bosonic and fermionic parts of action for M0-branes are created and G-theory transits to M-theory. Finally, these M0-branes link to each other and produce supersymmetric Mp-branes which contain the same number of degrees of freedom for both fermions and bosons. Coincidence with the birth of Mp-branes, our universe is born on one of them and interact with extra energy and another branes. Number of degrees of freedom on this universe depends on the energy of Mp-brane and number of degrees of freedom in the bulk is related to the energy of other Mp-brane and extra energy. This extra energy dissolves in our universe and leads to an increase in number of degrees of freedom on it and expansion of universe. We obtained the magnitude of the slow-roll parameters and the tensor-to-scalar ratio and found that they were very smaller than one which is in agreement with predictions of experiments. Finally, we obtained the explicit form of the actions in extended theories of gravity in G-theory and showed that these results are in agreement with results of [36, 37] .
